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INTRODUCTION
Different economic theories have been proposed to study economic phenomena of different economic systems. The conventional distinction is between micro (household and firm behavior) and macro (nationally or globally aggregated models). There are also intermediate stages such as interactions between the agricultural sector and industrial sector.
Explicit consideration of economic structures is necessary especially when we deal with dynamic phenomena. It is obviously important to develop an economic theory on the basis of microeconomic mechanism. In such a theory micro, intermediate and macro variables should be treated as an interdependent whole. This study builds an economic growth model with economic structure and heterogeneous households. The model determines land distribution and value. The model is based on three core theories in economics -Walrasian general equilibrium theory, Ricadian theory of distribution, and neoclassical growth theory.
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integrating the neoclassical growth theory with the general equilibrium analysis (e.g., Jensen and Larsen (2005) ); Shoven and Whalley (1992) observed: "Most contemporary applied general models are numerical analogs of traditional two-sector general equilibrium models popularized by James Meade, Harry Johnson, Arnold Harberger, and others in the 1950s and 1960s." Only a few formal models have been developed to explicitly deal with distribution issues in the neoclassical growth theory (Solow, 1956; Burmeister and Dobell, 1970; Barro and Sala-i-Martin, 1995) . From the history of analytical economics it is a well-known difficult problem to study economic growth and wealth and income distribution. As mentioned before, the Arrow-Debreu general economic theory studies economic equilibrium problems in economies of heterogeneous households and firms. It is desirable to integrate the economic mechanisms of the three core theories in economics into an integrated analytical framework. This study integrates the three theories by applying Zhang's approach to household behavior (Zhang, 1993) . This study synthesizes the ideas in the three-sector model with economic structure and land (Zhang, 1996) and the growth model of heterogeneous groups by Zhang (2013) . In Zhang's 1996 paper, the population is homogeneous, while in Zhang's 2013 paper neither land nor housing is considered. The rest of the paper is structured as follows. Section 2 builds the growth model of land distribution and housing with wealth and income distribution with. Section 3 studies analytical properties of the model and simulates the model for an economy of three types of households. Section 4 carries out comparative dynamic analysis with regard to the populations, the propensity to save, and propensity to consume housing. Section 5 concludes the study.
THE BASIC MODEL
This study deals with an economy with three -agricultural, capital goods and consumer goods -sectors. The agricultural sector supplies goods, such as vegetables, rice, and corn, for consumption. We follow the Uzawa two sector model in describing the capital goods and consumer goods sectors (Uzawa, 1961) . In this study services are treated as consumer goods. We apply the neoclassical growth theory to describe the production sectors (Burmeister and Dobell, 1970; Azariadis, 1993; Barro and Sala-i-Martin, 1995) . Capital goods are be employed as input factors in the three sectors. Capital is assumed to depreciates at a fixed rate  k , which is not related to the manner of use. The assets of the economy are owned by households. They use their incomes to consume and save. All the markets are assumed to be perfectly competitive. Factors are inelastically supplied. All factors are assumed to be fully utilized at every moment.
Saving is not undertaken by firms.
The population is classified into multiple groups. Each group has a fixed population, 
in which j h is the human capital of group . j The assumption of labor force being fully employed implies
The Agricultural Sector
There are three input factors, land, labor force, and capital, in the agricultural production. We use   
The Capital Goods Sector
The production function of the industrial sector is specified as follows 
The Consumer Goods Sector
The production function of the consumer goods sector is specified as follows 
Consumer Behaviors and Wealth Dynamics
We apply the model for describing behavior of households developed by Zhang (1993) . We assume the public land ownership, which means that the revenue of land is distributed among the population equally. The total land revenue is given by   
The per capita disposable income is the current disposable income plus the value of wealth. That is
The household uses the disposable income for saving and consumption. The value,
) is a flow variable. We assume that selling wealth is conducted instantaneously and there is no transaction cost. We consider   t k j as the income that the household gets by selling the wealth. Accordingly, the household has the total amount of income
to distribute between consumption and saving.
The representative household from group j would distribute the total available budget among savings  , The budget constraint is as follows
In our model, at each point in time, consumers have four variables to decide. We assume that utility level
 is the propensity to consume housing, j 0  is the propensity to consume agricultural goods, j 0  is the propensity to consume consumer goods, and j 0  the propensity to save. It should be remarked that heterogeneous households are taken into account in some growth models of endogenous wealth accumulation. But the heterogeneity in these approached is due to the differences in the initial endowments of wealth rather than in preferences (Chatterjee, 1994; Caselli and Ventura, 2000; Maliar and Maliar, 2001; Penalosa and Turnovsky, 2006; Turnovsky and Penalosa, 2006) .
Households in this approach are essentially homogeneous as all the households are described with the same preference utility function. Our approach considers the heterogeneity due to differences in utility functions.
Maximizing the utility subject to (10) yields 
This equation implies that the change in wealth equals the saving minus dissaving.
Demand and Supply of the Three Sectors
The equilibrium of demand of and supply for the agricultural good is
The demand and supply equilibrium for the consumer goods sector is
The output of the capital goods sector equals the net savings and the depreciation of capital stock. We have
It should be noted that (15) is similarly held as in the traditional Uzawa two-sector model. As agricultural goods and services cannot be saved, the net saving in this model is    
This is the capital accumulation in the Uzawa model.
Capital Being Fully Utilized
Total capital stock   t K is allocated to the three sectors
Land Being Fully Used
The land is fully used
We completed the model. Irrespective of the obvious strict assumptions in our model, the model structurally is general as some well-known models in economics are its special cases. For instance, if housing, agricultural sector, and land are omitted and the population is homogeneous, our model is structurally similar to the models by Solow (1956) and Uzawa (1961) . Our model is structurally similar to the Ricardian models formed by Pasinetti and Samuelson (Samuelson, 1959; Pasinetti, 1960; Caravale and Tosato, 1980; Casarosa, 1985) . We can also demonstrate that our model is structurally similar to the growth models for the dual economy (Todaro, 1969; Kaiyama, 1973; Marino, 1975; Amano, 1980) .
THE DYNAMICS AND ITS PROPERTIES
As the dynamic system consists of any (finite) number of households, it is nonlinear and highly dimensional. In general, it is difficult to analyze properties of such nonlinear dynamic systems. Nevertheless, we can simulate the motion of the economy. The following lemma shows that the dimension of the dynamical system is equal to the number of types of households. We also provide a computational procedure for calculating all the variables at any point in time. First, we
As demonstrated in the appendix, the introduction of the variable makes it much easier to find the dynamic equations.
Lemma
The motion of the economic system is determined by J differential equations with   The lemma gives a computational procedure for plotting the motion of the economy with any number of types of households. It is well known that calibration of general equilibrium involves solving high-dimensional nonlinear equations. With regard to the Arrow-Debreu concept of general equilibrium the final stage of analysis is to find a price vector at which excess demand is zero (Judd, 1998) . There are numerical approaches for calculating equilibria (e.g., (Scarf, 1967; Scarf and Hansen, 1973) ). We can apply these traditional methods to find how the prices and other variables are related to the variables in the differential equations. As it is difficult to interpret the analytical results, to study properties of the system the model is simulated with the following parameters: (Miles and Scott, 2005; Abel et al., 2007) 
The motion of the variables is plotted in Figure 1 . In Figure 1 , the national income is
The output level of the capital goods sector is enhanced and the output levels of the consumer goods and agricultural fall over time. The rate of interest rises. The wage rates of the three groups fall. The national capital stocks and output fall. The consumption levels of the three groups also vary over time. The economic structure varies over time. After confirming the existence of a unique equilibrium and its stability, we will examine how the dynamic patterns are affected by different variables.
Figure-1. The Motion of the Economic System
It is straightforward to confirm that the variables become stationary. The simulation shows that the system has a unique equilibrium. We list the equilibrium values in (20 
COMPARATIVE DYNAMIC ANALYSES
We already simulated the motion of the national economy under (19). We are now concerned with how the economic system is affected by exogenous changes. As the lemma gives the computational procedure to simulate the motion of the economic variables, it is straightforward to examine effects of change in any parameter on transitory processes as well stationary states of all the variables. We introduce a variable   t x j  which stands for the change rate of the variable,  , t x j in percentage due to changes in the parameter value.
Group 1 Augmenting the Propensity to Save
Preferences of different households are important for understanding economic structures as demonstrate in the Walrasian general equilibrium theory. Nevertheless, economics has not yet an effective analytical framework for analyzing effects of changes in one type of households on national economic growth as well as wealth and income distribution among different households. As our analytical framework integrates the economic mechanism of the Figure   . 2 Group s ' 1 per capita wealth is increased. The levels of agricultural and service consumption and lot size are lessened initially ad subsequently increased. This occurs as the group saves more from the disposable income, the household consumes less. Nevertheless, as the household has more wealth and the wage rate is also increased, the disposable income is increased in the long term, which leads to the rises in the consumption levels. Hence, group 1 benefits from saving more from the disposable income in the long term. As far as the transitory effects are concerned, the effects on the other two groups are different. The two groups' per capita wealth and service consumption levels are slightly affected, initially being reduced and augmented in the long term. The lot sizes and consumption levels of agricultural goods are initially increased and subsequently lowered. Although the two groups' wage rates are increased, as the land rent and price of agricultural goods fall initially ad rise subsequently, the net effects on the two variables on the two groups are negative.
As more capital is accumulated as a consequence of the rise in the propensity to save, the rate of interest falls. As more capital good is produced, labor force is shifted from the service and agricultural goods sectors to the capital good sector.
The capital stock employed by the capital goo sector is increased. The capital stocks employed by the other two sectors fall initially but rise subsequently (as a consequence of the rise in the two capital stock). As group 1 (the rich group) reduces initially the demand for lot size and agricultural good, the land rent and price of consumer goods sector fall; subsequently as the group has more disposable income and its demand for lot size and agricultural good are increased, the land rent and price of consumer goods sector rise. The output level of the capital good sector is increased, while the output levels of the other two sectors are slightly reduced. The impact on the national output is negative initially and positive in the long term. 
Group 1 Improving Human Capital
The impact of human capital is currently a main topic in economic theory and empirical research. In modern economies, one of the key determinants of economic growth is human capital (e.g., (Hanushek and Kimko, 2000; Barro, 2001; Krueger and Lindahl, 2001; Castelló-Climent and Hidalgo-Cabrillana, 2012) ). There are many studies on estimating the impact of education on earnings. Earlier studies (Tilak, 1989) demonstrate that inequality within countries can be reduced in association with spread education. Could et al. (2001) construct an economic model, concluding that increasing randomness is the primary factor for inequality growth among uneducated workers, but inequality growth within educated workers is mainly due to changes in the composition and return to ability (Tselios, 2008; Fleisher et al., 2011) . We now re-examine issues related to how differences in human capital affect wealth and income distribution among heterogeneous households during transitory processes and in long-term steady state. We now allow group 1 to improve its human capital as follows:
We plot the simulation results in Figure . 3 The rise in group s ' 1 human capital leads to the rise in the group's wage rate, while the other two groups' wage rates are slightly affected. Hence, the wage gaps between group 1 and the other two groups are enlarged. It should be remarked that the wage gaps due to the change in the propensity to save just analyzed are not so strongly affected like in the case of change in the human capital. As group 1 increases its wage, its lot size, wealth level and the consumption levels of the two goods are all increased both in the short term and in the long term. The other two groups' lot sizes are reduced. The other two groups reduce their consumption levels of agricultural good. As the households accumulate more wealth, one observes falls in the rate of interest. The land rent and the price of agricultural good are increased, while the price of consumer good is almost not affected. The output levels of the three sectors and the national output are increased.
Figure-3. A Rise in Group 1's Human Capital

Group 3 Increasing Propensity to Consume Agricultural Good
We now examine how group s ' 3 preference for agricultural good may affect the economic structure and growth.
We allow group 3 to increase its propensity to consume agricultural good as follows: . 11 . 0 09 . 0 : 03   The preference change leads to more consumption of agricultural good by the group. The increased demand results in the rise of supply in the agricultural sector. The agricultural sector employs more labor, capital and land. The land rent and the price of agricultural good are thus increased. The increased price of agricultural good make the other groups consume less agricultural good. As more land is employed by the agricultural sector and the land rent is increased, the other two groups use less lot sizes. Group 3 consumes less consumer good and has lower wealth, while each of the other two groups consumes more consumer good and has lower wealth. The price of consumer good is slightly lowered.
The national capital and capital stocks employed by the capital good and consumer good sectors are reduced. The reduced national capital stock is associated with rises in the rate of interest. The national output is increased, even though the output levels of the consumer good and capital good sectors are reduced. 
Group 3's Population Being Increased
The relationship between population change and economics is a challenging area. Although this study assumes the population fixed, it is important to examine effects of changes in the population sizes. As different countries have different levels of knowledge utilization efficiency and creativity, increases in the population sizes may have different effects upon the global economy. It has been observed that the effect of population growth varies with the level of economic pment and can be positive for some developed economies. Theoretical models with human capital predict situation-dependent interdependence of population and economic development (see, (Ehrlich and Lui, 1997; Galor and Weil, 1999; Boucekkine et al., 2002; Bretschger, 2013) ). One reads different mixed conclusions from empirical studies related to the issue (e.g., (Furuoka, 2009; Yao et al., 2013) ). We now allow group s ' 3 population to be increase as follows:
The results are plotted in Figure 5 . We see that as far as the aggregate real variables are concerned, in the long term the national output, the total capital stock, the capital inputs, the labor inputs and land input, the output levels of the three sectors are all increased. We note that group 3 has the lowest level of human capital. Hence, a rise in the population lowers the average level of human capital of the population. It is expectable to see that the wage rates are reduced as a consequence of the fall in group s ' 3 population. The rise in the unskilled population lowers the wealth levels, consumption levels of consumer and agricultural goods, and lot sizes for all the groups. The land rent and the prices of the two goods are enhanced. 
Group 1's Population Being Increased
We analyzed the effects of change in group s ' 3 population. It is interesting to compare effects of changes the populations with the highest and lowest levels of human capital. We now allow group s ' 1 population to be increase as follows:
The results are plotted in Figure 6 . We see that as far as the aggregate real variables are concerned, in the long term the national output, the total capital stock, the capital inputs, the labor inputs and land input, the output levels of the three sectors are all increased. Hence, the aggregated variables are affected similarly by the changes in the two group's population. In contrast to the rise in the rise in group s ' 3 population, a rise in group s ' 1 population enhances the wage rates. The rise in the skilled population lowers the consumption levels of agricultural good and lot sizes for all the groups as the rise in the unskilled population; but different from the case of the rise in unskilled population, the rise in the skilled population raises the wealth levels and consumption levels of consumer good for all the groups. 
CONCLUDING REMARKS
This study proposed an economic growth model with economic structure and heterogeneous households. The framework is influenced by the three core theories in economics -Walrasian general equilibrium theory, Ricadian theory of distribution, and neoclassical growth theory. The economic system of heterogeneous households consists of one consumer goods sector and one capital goods sector. We studied economic growth and structural change with exogenous land resource, population and human capital. The motion is described by a set of differential equations. For illustration, we simulated the motion of the economic system with three groups. We identified the existence of a unique stable equilibrium point. We also carried out comparative dynamic analysis. We can comprehensively discussed some important issues related to growth in a unique manner because our analytical framework contains not only the economic mechanisms for analyzing these issues, but also because we provide the computational procedure to follow the motion of the nonlinear dynamic system. By comparative analyses we reveal into the complexity of dynamic interdependence between economic growth, economic structural change, and wealth and income distribution. For instance, there are many studies on relations between wealth and income distribution and development. Kaldor (1956) holds that as income gap is larger, growth is faster because of more savings. The positive relation between income inequality and growth is tested by, for instance, Bourguignon (1981) ; Forbes (2000) and Frank (2009) . There are other studies which find negative relations between income distribution and growth. There are some formal models which © 2017 AESS Publications. All Rights Reserved.
show negative relations (e.g., (Galor and Zeira, 1993; Benabou, 2002; Galor and Moav, 2004) ). Some empirical studies find negative relations (e.g., Persson and Tabellini (1994) ). From our simulation, we see that relations between inequality and economic growth are complicated in the sense that these relations are determined by many factors. For instance, from Figure 2 we observe that in initial transitory process the rich group's and the other two groups' wealth levels are enlarged, the national output experiences negative growth; while in the long term the rich group's and the other two groups' wealth levels continue to be enlarged, the national output experiences positive growth. Our comparative analysis also shows that in order to understand growth and development processes it is important to classify the population into different types according to their preferences and human capital. For instance, if the population of the group with the lowest (highest) level of human capital is increased, the wage rates and the wealth levels and consumption levels of consumer good of all the groups are reduced (enhanced).
Appendix: Proving the lemma
By (4), (6), and (8), we obtain r We also note that the right-hand sides of the three equations contain j k which don't appear in the left-hand sides of the equations. These imply that we can get the solution of (A8), (A10) and (A12) with 
